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high recurrence rate of BC and the ongoing invasive moni-
toring requirement, BC has the highest per patient lifetime 
treatment costs of all cancers, posing a remarkable financial 
burden on the healthcare systems [3, 4]. New preventive 
and management strategies are, therefore, highly needed 
[5]. Previous epidemiologic research has demonstrated that 
most BC cases are attributable to tobacco use, male sex, 
age, obesity, and occupational exposures [6–8]. In addition, 

Introduction

Bladder cancer (BC) is the 10th most common and 13th 
most deadly neoplasm worldwide, and the number of inci-
dent cases and deaths related to the condition is still rising 
[1, 2], particularly in Europe and other developed nations. 
The incidence rate of BC and its mortality is approximately 
four times higher in men than in women [2]. Due to the 
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Abstract
Purpose Although total dietary protein intake has been associated with bladder cancer (BC) risk, the effect of the origin 
(plant or animal) and the substitutions remain to be understood. This study aimed to investigate the effect of total dietary 
protein, animal-based protein, plant-based protein, and their substitutions with each other on the risk of BC using a pooled 
analysis of 10 cohort studies.
Methods The study was conducted within the “BLadder cancer Epidemiology and Nutritional Determinants” (BLEND) 
study, including 10 prospective cohort studies from several European countries, the United Kingdom, and the United States. 
Individual data from 10 prospective cohorts containing 434,412 participants (overall male/female ratio was almost 3:1) with 
a total of 4,224,643.8 person-years of follow-up was analyzed. Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
BC risk for animal and plant-based protein substitutions of 30gram (g) per day (g/day) were estimated by multivariable 
adjusted HRs using Cox proportional hazards models.
Results During 11.4 years of follow-up, among 434,412 participants (73.28% female), 1,440 new cases of BC were identi-
fied. After multivariable adjustment, no association was observed between the intake of total, animal-based protein, and 
plant-based protein and BC risk. Replacement of every 30 g/day of animal-based protein intake by the same amount of plant-
based protein intake or vice versa was not associated with the risk of BC.
Conclusion In conclusion, our study found no association between protein intake—whether from animal or plant sources—
and the risk of BC. Substituting animal-based protein with plant-based protein, or the reverse, did not influence BC risk. 
Future studies are required to provide information on the link between animal- and plant-based proteins and BC risk.
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as for many cancers, the association of various dietary fac-
tors with BC has been studied [9–11], and the results were 
supportive of the benefits of consuming more vegetables 
and fruits [12], dairy products [13], and tea [14]. However, 
despite the currently available evidence on the association 
between diet and BC risk, a recent report by the World Can-
cer Research Fund International (WCRF) declared that the 
evidence is still scarce [15].

Dietary protein intake has been a high-priority research 
topic of interest in nutritional research [16]. It has been dem-
onstrated that even small changes in the amount or combi-
nation of protein intake in individuals can have a big impact 
on public health [17, 18]. Evidence from prospective cohort 
studies has demonstrated that different sources of dietary 
protein might have the potential to affect the development 
of several chronic diseases [19, 20]. There are also some 
previous studies on different sources of protein and BC risk 
[21, 22]. Several prospective cohort studies have shown an 
increased risk of BC associated with increased consumption 
of red and processed meat [21, 23]. In contrast, Dianatinasab 
et al. [24] reported an elevated risk of BC specifically linked 
to high organ meat intake, while no significant associations 
were observed for other meat sources. Similarly, a Swedish 
cohort study found no significant association between the 
intake of red and processed meat, poultry, or fish and BC 
risk [22]. Despite prior research on the associations between 
the intake of different protein sources and BC risk, the over-
all results remain inconclusive. Dietary proteins are macro-
nutrients that are classified as animal and plant origins [25]. 
Proteins originating from animal or plant sources have dif-
ferent combinations of amino acids and dietary compounds 
with potentially various health effects [26].

In nutritional epidemiology, dietary substitution meth-
ods are used to evaluate the impact of replacing specific 
foods with other foods of equivalent amounts on the risk of 
disease development [27]. Substitution analyses provide a 
statistical framework that models dietary modifications by 
altering macronutrient composition while maintaining con-
stant total energy intake, thereby helping to identify optimal 
dietary patterns.

To our best knowledge, previous studies have not focused 
on the effect of different origins of dietary protein and their 
replacement on BC risk and data on the theoretical effects 
of substituting protein sources on the risk of BC is limited. 
Therefore, the present study aimed to investigate the effect 
of total, animal, and plant-based proteins, as well as their 
replacement, on the risk of developing BC, by using the 
pooled data of 10 cohort studies.

Materials and methods

Study population

Data for this investigation was obtained from the Bladder 
Cancer Epidemiology and Nutritional Determinants Con-
sortium (BLEND) [28]. The BLEND study is a large inter-
national consortium that merges individual participant data 
from 19 case-control studies and 16 cohort studies [28]. For 
the present study, data from 10 cohort studies, with a total 
of 434,412 participants (1440 BC cases and 432,972 non-
cases), from centers in 10 countries [i.e. Europe: European 
Prospective Investigation into Cancer and Nutrition cohort 
studies (EPIC) [29] (Denmark [30], France [31], Germany 
[32], Italy [33], The Netherlands [34], Norway [35], Spain 
[36], Sweden [37, 38], United Kingdom [39, 40]); and 
North America: (USA) (Vitamins and Lifestyle cohort study 
(VITAL)) [41]] were included (Supplementary Table 1).

Studies were selected based on the availability of com-
prehensive data on all relevant variables, including dietary 
intake and BC incidence. Studies with missing informa-
tion on dietary intake or incomplete data on BC diagnosis 
were excluded to ensure the accuracy and robustness of the 
results.

Data collection and coding

Details on the protocol and methodology of the BLEND 
consortium have been described elsewhere [28]. In brief, 
the primary data from the included studies were collected 
into an integrated database. All data were checked, and all 
food intakes were converted to an intake of grams per day 
(g/day) using country-specific food tables and the frequency 
responses in the dietary questionnaires. All the included 
studies identified new cases of BC by including participants 
diagnosed with urinary bladder neoplasms, as defined by the 
International Classification of Diseases for Oncology (ICD-
O-3 code C67). These diagnoses were determined through 
self-reported questionnaires, population-based cancer regis-
tries, health insurance records, or medical records [42, 43].

The collected dietary data was harmonized and catego-
rized by using the hierarchical Eurocode 2 food coding 
system developed by the European Union [44], besides, 
weekly, monthly or yearly intake were converted to weekly 
food intake. Dietary intake data were obtained using vali-
dated semi-quantitative food frequency questionnaires 
(FFQs) [41, 45–47] and recorded using the Eurocode 2 food 
coding system [48]. Total dietary protein intake was cate-
gorized into two macronutrient groups: (a) animal protein 
(derived from animal-based foods such as meats, fish, milk, 
and eggs) and (b) plant protein (derived from plant-based 
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foods such as fruits, vegetables, legumes, grains, nuts, and 
beverages).

The intake of these dietary proteins was calculated in 
grams per 1000 kilocalories per day (g/1000 kcal/day, nutri-
ent density method), to account for total energy intake and 
reduce extraneous variation in dietary intakes [49], and were 
categorized into tertiles (i.e. low intake (tertile 1), medium 
intake (tertile 2), and high intake (tertile 3).

Alcohol intake was considered as the sum of dietary 
intake of beer (g/day) and wine (g/day). In addition to 
dietary intake data, the data on age, sex, smoking status 
(current/former/never), and smoking pack-years measured 
at baseline using a demographic questionnaire.

Statistical analyses

The differences between the baseline characteristics of the 
participants based on tertiles of dietary total protein intake 
were assessed by the ANOVA test for continuous variables 
and the Chi-square for categorical variables. All statistical 
analyses were performed on the pooled data from the 10 
cohort studies included in our analysis.

Cox proportional hazard models using age as the underly-
ing time metric were used to assess the association between 
protein intake and BC risk. Hazard ratios (HRs) and 95% 
confidence intervals (CIs) were calculated using the first ter-
tile as the reference group. The proportional hazard assump-
tion was graphically examined, and no evidence of violation 
was found. The follow-up time was calculated from the date 
of study enrolment and the date of a registered diagnosis 
of BC or the date of last follow-up (date of death, lost to 
follow-up, or study exit). The Cox regression models were 
performed as Model 1 (adjusted based on total energy intake 
(kcal)), Model 2 (adjusted based on Model 1 and addition-
ally adjusted for age and sex), and Model 3 (adjusted based 
on Model 2 and additionally for smoking status (never, for-
mer, or current smoker) and alcohol intake (g/day). Total 
dietary protein intake was divided into wo macronutri-
ent groups: animal protein and plant protein. Animal pro-
tein, derived from animal-based food groups including red 
meat, white meat, fish, dairy products, and eggs. Red meat 
included all forms of fresh (e.g., beef, pork, hamburger, 
liver, and meats used in dishes) and processed red meat 
(e.g., bacon, ham, and sausage). White meat encompassed 
chicken, turkey, and other white meats. Fish, including fish, 
canned tuna, and other sea foods and dairy products includ-
ing milk, cheese, yoghurt, and other dairy products. Plant 
protein, derived from plant-based food groups including 
bread, cereal, pasta, nuts, beans, legumes, beverages, fruits, 
and vegetables. To assess the effect of substituting animal-
based proteins with plant-based proteins and vice versa, we 
used a leave-one-out model [27]. For this, 30 g/day [50] of 

animal-based proteins was replaced by the same quantity of 
plant-based proteins, and vice versa, while keeping the total 
energy intake constant. This means that an increase in plant-
based protein was offset by an equal decrease in animal-
based protein, ensuring that both total protein and energy 
intake remains constant. Similarly, an increase in animal-
based protein was offset by an equal decrease in plant pro-
tein, with total protein and energy intake remains constant. 
In addition, we examined the non-linear dose-response 
association between the intake of animal-based protein to 
total protein ratio (%) and BC risk using a restricted cubic 
spline model with a fully adjusted model. The P for hetero-
geneity was calculated using the Wald test. Four knots were 
selected at the following animal to total protein ratio per-
centages: 0%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, and 100%. The reference value was fixed at an 
animal to total protein ratio of less than 5% of total energy 
intake from protein.

Secondary analyses included the evaluation of a poten-
tial interaction between protein intake and sex (the interac-
tion effect was checked in the main model) and omitting BC 
cases diagnosed in the first two years of follow-up. Finally, 
to determine the single study effect, sensitivity analyses 
were performed by removing each individual study in turn 
from the main analysis. The data was analyzed using Stata 
statistical software (version 14.2). P-values less than 0.05 
were considered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the study population across 
tertiles of the total protein intake are provided in Table 1. 
In total, 434,412 participants (318,343 women and 116,069 
men), including 1,440 incident BC cases, with a total of 
4,224,643.8 person-years were included. The median fol-
low-up was 11.4 [range = 0.003, 31.34] years. Participants in 
the highest tertile of total protein intake were more likely to 
be current smokers than those in the lowest tertile (Table 1).

Total dietary protein intake and BC risk

Results of the association between total dietary protein 
intake and BC risk are provided in Table 2. The linear model 
showed that an additional 30 g/day of total protein intake 
was not related to the risk of BC. The linear model in women 
showed that an additional 30 g/day of total protein intake 
was associated with an overall 40% decrease in the risk of 
BC after adjustment for age, sex, and energy intake (Model 
2: HR:0.60; 95%CI: 0.47, 0.77), however this association 
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Table 1 Baseline characteristics of participants based on tertiles of total protein intake
Variables All participants Total protein intake P-value

Tertile 1 < 28.4 g/day Tertile 2 28.4–40.8 g/day Tertile 3 > 40.8 g/day
Age at baseline (year) [mean ± SD] 50.6 ± 10.2 49.9 ± 11.1 50.3 ± 10.3 51.5 ± 9.0 < 0.001*
Sex < 0.001†

   Women, n (%) 318,343 (73.3) 114,048 (78.3) 106,790(73.7) 98,232 (67.8)
   Men, n (%) 116,069 (26.7) 31,483 (21.7) 38,014 (26.3) 46,572 (32.2)
Smoking status < 0.001†

   Current smoker, n (%) 92,045 (21.2) 28,243 (19.5) 31,573 (21.8) 32,229 (22.3)
   Former smoker, n (%) 129,547 (29.8) 45,496 (31.4) 43,881 (30.3) 40,170 (27.7)
   Never smoker, n (%) 212,820 (49) 71,065 (49.1) 69,350 (47.9) 72,405 (50.0)
Energy intake, kcal/day 2160.5 ± 664.4 1861.1 ± 542.1 2100.5 ± 569.6 2481.3 ± 706.3 < 0.001*
Total protein intake, g/day 38.1 ± 17.4 22.5 ± 4.1 34.1 ± 3.5 57.5 ± 15.7 < 0.001*
Total protein intake, energy % 16.5 ± 4.1 15.0 ± 3.4 17.2 ± 3.6 17.3 ± 4.8 < 0.001*
Animal-based protein intake, g/day 24.5 ± 14.1 14.9 ± 6.1 22.3 ± 8.4 36.2 ± 15.9 < 0.001*
Animal-based protein intake, energy % 10.5 ± 4.1 9.8 ± 3.9 10.9 ± 3.8 10.8 ± 4.2 < 0.001*
Plant-based protein intake, g/day 13.6 ± 12.2 6.8 ± 5.2 11.2 ± 7.7 21.6 ± 15.7 < 0.001*
Plant-based protein intake, energy % 5.6 ± 4.5 4.6 ± 3.8 5.9 ± 4.8 6.3 ± 4.5 < 0.001*
Alcohol intake, g/day 9.4 ± 15.0 6.9 ± 11.6 8.89 ± 14.46 12.3 ± 17.7 < 0.001*
Data are presented as mean ± SD for quantitative variables and as number, (%) for qualitative variables
*Based on independent sample t-test
†Based on Chi-2 test
Standard deviation, SD; g, gram; kcal, kilocalorie

Table 2 The association between dietary intakes of total protein and bladder cancer
Linear association (per 
30 g)

Nonlinear association
Tertile 1 < 28.4 g/
day

Tertile 2 28.4–40.8 g/
day

Tertile 3 > 40.8 g/day P 
trend

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases/non-cases) 1,440/432,972 459/144,345 476/144,328 505/144,299
Person-year 4,224,643.8 1,324,858.2 1,395,118.8 1,504,666.8
Model 1 0.95 (0.84, 1.08) 1 (ref.) 1.11 (0.97, 1.26) 1.13 (0.96, 1.32) 0.09
Model 2 0.95 (0.81, 1.11) 1 (ref.) 1.03 (0.90, 1.18) 1.01 (0.86, 1.18) 0.98
Model 3 0.95 (0.81, 1.05) 1 (ref.) 1.01 (0.88, 1.17) 1.01 (0.85, 1.20) 0.88
Based on sex (P for interaction > 0.05)
Men (cases/non-cases) 986/115,083 281/31,202 319/37,695 386/46,186
Model 1 1.14 (0.96, 1.34) 1 (ref.) 1.07 (0.91, 1.26) 1.20 (1.00, 1.45) 0.05
Model 2 1.14 (0.97, 1.35) 1 (ref.) 1.07 (0.92, 1.26) 1.21 (1.00, 1.46) 0.05
Model 3 1.04 (0.86, 1.25) 1 (ref.) 1.04 (0.87, 1.25) 1.10 (0.89, 1.35) 0.36
Women (cases/non-cases) 454/317,889 178/113,143 157/106,633 119/98,113
Model 1 0.59 (0.46, 0.76) 1 (ref.) 0.96 (0.76, 1.21) 0.63 (0.46, 0.86) 0.01
Model 2 0.60 (0.47, 0.77) 1 (ref.) 0.97 (0.77, 1.21) 0.64 (0.47, 0.87) 0.01
Model 3 0.78 (0.57, 1.05) 1 (ref.) 0.96 (0.75, 1.22) 0.81 (0.58, 1.13) 0.26
HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age and sex
Model 3: Additionally, adjusted based on smoking status, and alcohol intake
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an additional 30 g/day of plant-based protein intake was 
associated with lower risk of BC in Model 2: HR:0.51; 
95%CI: 0.38, 0.67, however these associations disappeared 
after additional adjustments for smoking status and alcohol 
intake in the final adjusted model. There was no significant 
association between plant-based protein intake and BC risk 
among men (Table 4).

In the non-linear model, higher plant-based protein 
intake was associated with a lower BC risk in overall 
after adjustment for age, sex, and energy intake (Model 2: 
HRhigh vs. low:0.81; 95%CI: 0.70, 0.94, p-trend = 0.006) and 
among women (Model 2: HRhigh vs. low:0.58; 95%CI: 0.44, 
0.77, p-trend = 0.01), however these significant links disap-
peared in the final adjusted model (Table 4).

Substitution of protein sources and BC risk

Table 5 presents the association between the substitution of 
30/day of plant-based protein with animal-based protein and 
vice versa, and BC risk. Replacing 30 g/day of plant-based 
protein with an equal amount of animal-based protein was 
associated with a higher BC risk after adjusting for age, sex, 
and energy intake (Model 2: HR: 1.37; 95% CI: 1.13, 1.67) 
and similar findings were observed for men (Model 2: HR: 
1.75; 95% CI: 1.16, 2.65) and women (Model 2: HR: 1.78; 
95% CI: 1.18, 2.70). However, these associations did not 
remain in the final adjusted model.

In addition, when 30 g/day of animal-based protein 
replaced by the same amount of plant-based protein, a sig-
nificant decrease in BC risk in Model 2 was observed in all 

disappeared after additional adjustments for smoking status 
and alcohol intake in final model. No significant association 
was observed in men.

The non-linear model showed that higher total protein 
intake was associated with a lower BC risk among women 
after adjustment for age, sex, and energy intake (Model 2: 
HRhigh vs. low:0.64; 95%CI: 0.47, 0.87, p-trend = 0.01), how-
ever no association was observed in the final adjusted model 
(Table 2).

Animal dietary protein intake and BC risk

Overall, the linear model revealed a direct significant asso-
ciation between every 30 g/day increase in animal-based 
protein intake and the risk of BC after adjusting for age, 
sex, and energy intake (Model 2: HR:1.23; 95%CI: 1.05, 
1.44) (Table 3). Stratification based on sex showed the same 
results only among men. These associations became non-
significant in final adjusted model.

The modest intake of animal-based protein intake showed 
a higher risk of BC in Model 2 (Model 2: HRsecond tertile vs. lowest: 
1.21; 95%CI: 1.06, 1.38, p-trend = 0.06), however no asso-
ciation remained in the final adjusted model (Table 3).

Plant-based protein intake and BC risk

The linear model showed that an additional 30 g/day of plant-
based protein intake was associated with 34% decreased 
risk of BC after adjustment for age, sex, and energy intake 
(Model 2: HR:0.76; 95%CI: 0.65, 0.88) (Table 4). Moreover, 

Table 3 The association between dietary intakes of animal-based protein and bladder cancer
Linear association (per 
30 g)

Nonlinear association (per 30 g)
Tertile 1 < 6.6 g/
day

Tertile 2 6.6–15.2 g/
day

Tertile 3 > 15.2 g/day P trend

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases/non-cases) 1,440/432,972 370/145,273 546/144,888 524/142,811
Person-year 4,224,643.8 1,544,886.6 1,424,251.8 1,255,505.4
Model 1 1.65 (1.42, 1.93) 1 (ref.) 1.31 (1.14, 1.50) 1.41 (1.23, 1.63) < 0.001
Model 2 1.23 (1.05, 1.44) 1 (ref.) 1.21 (1.06, 1.38) 1.14 (0.99, 1.32) 0.06
Model 3 1.12(0.92, 1.38) 1 (ref.) 1.13 (0.98, 1.30) 1.05 (0.90, 1.24) 0.44
Based on sex (P for interaction > 0.05)
Men (cases/non-cases) 986/115,083 237/34,006 357/38,558 392/42,519
Model 1 1.24 (1.04, 1.49) 1 (ref.) 1.20 (1.02, 1.42) 1.20 (1.01, 1.43) 0.04
Model 2 1.24 (1.03, 1.48) 1 (ref.) 1.18 (1.00, 1.39) 1.19 (1.00, 1.42) 0.05
Model 3 1.16 (0.92, 1.46) 1 (ref.) 1.09 (0.92, 1.30) 1.09 (0.90, 1.32) 0.37
Women (cases /non-cases) 454/317,889 133/111,267 189/106,330 132/100,292
Model 1 1.14 (0.81, 1.62) 1 (ref.) 1.26 (1.01, 1.59) 1.00 (0.76, 1.32) 0.77
Model 2 1.16 (0.82, 1.64) 1 (ref.) 1.25 (0.99, 1.57) 0.99 (0.75, 1.31) 0.83
Model 3 0.98 (0.63, 1.52) 1 (ref.) 1.20 (0.94, 1.53) 0.94 (0.68, 1.28) 0.99
HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age and sex
Model 3: Additionally, adjusted based on smoking status and alcohol intake
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Discussion

In the present large prospective study, no significant asso-
ciations were found between the intake of total protein 
animal-based protein, or plant-based protein and the risk 
of BC. Additionally, substituting plant-based protein with 
animal-based protein or vice versa did not show significant 
changes in BC risk.

To provide context, nationally representative data indicate 
that the average total protein intake in the general popula-
tion is higher than that observed in our study (38.1 ± 17.4 g/
day). For example, recent surveys suggest that average 
total protein intakes approximately range from 56.9 g/day 

participants (Model 2: HR: 0.72; 95% CI: 0.59, 0.88) and 
women (Model 2: HR: 0.56; 95% CI: 0.37, 0.85). All sig-
nificant associations disappeared in the final adjusted model 
(Table 5).

In dose-response analysis, no non-linear association was 
observed for animal protein replacement by plant protein 
(Supplementary Fig. 1).

Sensitivity analysis

After omitting BC cases diagnosed within the first two years 
of follow-up, all the associations remained unchanged (Sup-
plementary Tables 2–5).

Table 4 The association between dietary intakes of plant-based proteins and bladder cancer
Linear association (per 
30 g)

Nonlinear association (per 30 g)
Tertile1 < 17.9 g/
day

Tertile2 17.9–28.0 g/
day

Tertile3 > 28.0 g/day P trend

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All participants (cases /non-cases) 1,440/432,972 541/144,841 497/143,893 402/144,238
Person-year 4224838.7 1087839.3 1569512.2 1567487.2
Model 1 0.65 (0.56, 0.75) 1 (ref.) 0.88 (0.78, 1.00) 0.74 (0.64, 0.86) < 0.001
Model 2 0.76 (0.65, 0.88) 1 (ref.) 1.01 (0.89, 1.15) 0.81 (0.70, 0.94) 0.006
Model 3 0.86 (0.73, 1.02) 1 (ref.) 1.02 (0.88, 1.17) 0.90 (0.77, 1.06) 0.21
Based on sex (P for interaction > 0.05)
Men (cases/non-cases) 986/115,083 360/35,793 324/36,466 302/42,824
Model 1 0.93 (0.78, 1.11) 1 (ref.) 1.02 (0.87, 1.19) 0.92 (0.78, 1.10) 0.41
Model 2 0.94 (0.78, 1.12) 1 (ref.) 1.04 (0.89, 1.22) 0.93 (0.78, 1.11) 0.36
Model 3 0.92 (0.75, 1.12) 1 (ref.) 1.02 (0.85, 1.21) 0.92 (0.76, 1.11) 0.36
Women (cases/non-cases) 454/317,889 181/109,048 173/107,427 100/101,414
Model 1 0.50 (0.38, 0.66) 1 (ref.) 0.94 (0.75, 1.18) 0.59 (0.45, 0.78) < 0.001
Model 2 0.51 (0.38, 0.67) 1 (ref.) 0.95 (0.75, 1.19) 0.58 (0.44, 0.77) 0.01
Model 3 0.76 (0.55, 1.05) 1 (ref.) 1.02 (0.79, 1.30) 0.88 (0.65, 1.18) 0.44
HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age and sex
Model 3: Additionally, adjusted based on smoking status and alcohol intake

Table 5 Substitution models where 30 g/day of dietary protein sources with each other
 Animal-based protein for plant-based protein (30 g/day) Plant-based protein for animal-based protein 

(30 g/day)
Model 1 h (95% 
CI)

Model 2 h (95% 
CI)

Model 3 h (95% 
CI)

Model 1 h (95% 
CI)

Model 2 h (95% 
CI)

Model 3 h 
(95% CI)

All participants 1.93 (1.59, 2.33) 1.37 (1.13, 1.67) 1.17 (0.92, 1.48) 0.52 (0.43, 0.62) 0.72 (0.59, 0.88) 0.85 (0.67, 
1.08)

Based on sex* Men 1.18 (0.95, 1.48) 1.75 (1.16, 2.65) 1.16 (0.89, 1.52) 0.84 (0.67, 1.04) 0.84 (0.67, 1.05) 0.85 (0.65, 
1.11)

Women 1.93 (1.30, 2.86) 1.78 (1.18, 2.70) 1.18 (0.72, 1.95) 0.56 (0.37, 0.86) 0.56 (0.37, 0.85) 0.84 (0.51, 
1.38)

HR, hazard ratio; CI, confidence interval; g, gram
Model 1: Adjusted based on total energy intake
Model 2: Additionally, adjusted based on age, sex
Model 3: Additionally, adjusted based on smoking status and alcohol intake
*P heterogeneity > 0.05
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In contextualizing our findings, it is important to note 
that the average total protein intake in the general Euro-
pean adult population typically ranges from 67 to 114 g/day 
for adult men and 59 to 102 g/day for women, with dietary 
sources reflecting a mixture of animal and plant origins 
[71]. This is significantly higher than the total protein intake 
measured in the present study (38.1 ± 17.4 g/day). This sug-
gests that the participants in our cohort may have had lower 
protein intake compared to the general population, which 
could influence the generalizability of our results.

In our study, adjusting for smoking status and alcohol 
intake in the final model led to the disappearance of sig-
nificant associations. However, the observed associations 
between protein intake and BC risk may still be influenced 
by residual confounding from smoking, a known strong risk 
factor for BC [72]. Moreover, while animal-based protein 
intake is associated with body mass index (BMI) [73], we 
were unable to adjust for BMI due to insufficient data. It 
is also possible that unmeasured factors, such as specific 
dietary micronutrients, contributed to the associations in 
our study. However, there is no consistent evidence linking 
these factors to BC risk [74, 75], and any associations are 
unlikely to fully account for our findings.

To our knowledge, this is the first large prospective 
cohort study to evaluate the effect of animal-based pro-
tein and plant-based proteins and their substitution for one 
another on BC risk. In cohort studies on diet and cancer 
risk, the possibility of reversed causality can be a concern. 
Since removal of early diagnosed BC cases did not alter the 
results, we can conclude there is likely no reversed causal-
ity. Participants who got an BC diagnosis within a short 
period of follow-up, where therefore not excluded from the 
present study. However, the present study has several limi-
tations. One notable limitation of our study is the absence 
of data on other cancer types within the cohort. As a result, 
we were unable to account for the potential confounding 
effects of prevalent cases of other cancers, which may have 
influenced BC risk. Future studies with comprehensive can-
cer registries could help address this gap and provide more 
robust insights into the relationship between dietary intake 
and BC. In addition, limited data was available on many 
possible confounding factors (e.g. BMI, physical activity, 
socioeconomic status, and exposure to carcinogenic chemi-
cals). These variables are known to impact both dietary 
behaviors and cancer risk, which may introduce residual 
confounding into our risk estimates and the possibility of 
adjusting for these factors could provide more accurate risk 
estimates. Secondly, it is demonstrated that the cooking 
methods of foods may considerably affect the link between 
food consumption and BC risk. However, no data on cook-
ing methods was available. Thirdly, measurement error and 
misclassification could have occurred using FFQs for the 

to 85.8 g/day [51–54], highlighting that our sample may 
reflect a lower protein intake than the general population. 
Understanding these benchmarks is crucial for interpreting 
the implications of our findings.

The Health Professionals Follow-Up Study on 47,909 
men showed that energy-adjusted total protein and animal 
protein intakes were not associated with the incidence of BC 
[55]. Another prospective study of 469,339 men and women 
and over 1,400 incident cases of urothelial cell carcinoma 
found no significant evidence that intake of energy from 
total protein is associated with the risk of urothelial cell 
carcinoma [56]; however, a 3% increase in the consump-
tion of energy intake from animal protein was associated 
with a 15% higher risk of urothelial cell carcinoma while a 
2% increase in energy from plant protein intake was asso-
ciated with a 23% lower risk of urothelial cell carcinoma 
[56]. Bruemmer et al. [57] in a case-control study found no 
significant association between total protein intake and BC 
odds after adjusting for age, sex, country of birth, smok-
ing status, and energy intake among middle-aged men and 
women. Moreover, some previous case-control studies 
found no association between total protein intake and BC 
risk [58, 59]. However, a US-based case-control study in 
men observed an inverse association between the highest 
and lowest categories of total protein intake, which was lim-
ited to a subgroup of older men [60].

Although it is difficult to separate the effects of high ani-
mal protein intake from low plant protein intake, there has 
been some hypothesis about the role of animal-based foods 
associated with the risk of BC, while the epidemiological 
findings are inconsistent. Evidence showed that animal pro-
tein may increase the concentrations of insulin-like growth 
factor-1, a peptide hormone associated with an increased 
risk of cancers, including BC [61, 62]. In addition, this 
increased risk might be due to the heme iron from red meat 
[24, 63, 64]. Heme catalyzes the formation of N-nitroso 
compounds and lipid oxidation end products, thereby 
potentially inducing carcinogenesis. In addition, heterocy-
clic amines (HCAs) and polycyclic aromatic hydrocarbons 
(PAHs), formed during high-temperature meat prepara-
tion, are suggested to increase genetic instability and to be 
carcinogenic via interaction with DNA [65]. Furthermore, 
HCAs are shown to be responsible for the mutagenic activ-
ity of cooked meats [24, 66]. On the other hand, although 
the effect of consuming plant-based proteins on BC and its 
mechanisms are still unknown, there is evidence that some 
plant-based components, such as isothiocyanates in cruci-
ferous vegetables, flavones, and isoflavones are involved 
in pathways of inflammatory response, proliferation, and 
apoptosis of cells [67–69], thereby potentially playing an 
essential beneficial role in the prevention of BC in humans 
[9, 69, 70].
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